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(57) Abstract: The invention relates to an epitaxial growing 
method for growing monocrystalline aluminum nitride from 
a mixture of nitrogen and aluminum vapors, said method 
comprising the following steps: a substrate (4) and a source 
of aluminum (5) are placed opposite to each other inside a 
growing chamber (3); said substrate is heated to a 
temperature ensuring the growth of monocrystalline 
aluminum nitride, whereby said temperature is maintained. 
Inside the growing chamber (3), the pressure of the mixture 
of nitrogen and aluminum vapors is maintained, whereby 
said pressure exceeds, by no more than 400 millibars, a 
lower threshold equal to the pressure generated within a 
closed space by a stoichiometric mixture of nitrogen and 
aluminum vapors formed by evaporation of the source 
material (5). The invention also relates to a growing chamber 
(3), whereby the material in contact with the source and the 
aluminum vapors of the surface inside said chamber is a 
solid solution of tantalum carbide in carbide. 
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(57) Pe$epaT: 

Cnoco6 3nHTaKCHaJiBHoro BwpamHBaHH^ MOHOKpHCTannHHe- 
CKoro HHTpn^a anioMHHHH H3 CMecH a30Ta h napoB aniOMHHHtf 
BKJiKjnaeT pa3MeqeHHe b poctoboh KaMepe (3) apyr HanpoTHB 
apyra noflJiosKH (4) h HCTo^HHKa (5) anioMHHHH, HarpeB h 
nojwepxaHHe pa6oHHx TeMnepa<ryp HCTo^HHKa (5) h nonnoxKH 
( 4 ) , o6ecneHHBaio^Hx pocT MOHOKpHCTamia HHTpana anwMHHHH 
Ha nonnoxKe ( 4 ) . Ilpa stom naBneHHe CMecn a30Ta h napoB 
anioMHHH5i b poctoboh KaMepe (3) nonnepxHBaioT b HHTepBane 
400 MHJinn6ap ot HHXHero 3Ha^eHHH f paBHoro naBJieHHio, co3- 
AaBaeMOMy b 3aMKHyTOM o6i>eMe CTexHOMerrpHHecKOH cMecBio 
a30Ta h napoB aniOMHHHH, o6pa3yeMbix HcnapeHHeM MaTepnana 

HCTOHHHKa ( 5 ) . 

npepnoxeHa pocTOBa* KaMepa ( 3 ) , b kotopoh MaTepaan 

KOHTaKTHpyiOmeH C HCTOHHHKOM H napaMH aJIK)MHHH5I noBepxHo- 

cth npencTaBnneT co6oh TBepflBiH pacTBop Kap6Hfla TaHTana b 
TaHTane . 
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Cnoco6 snHTdKCHanBHoro BtipamnBaHH* HHTpnna anroMHHH^c h 
pocTOBa* KaMepa nnn Hero. 

OBJIACTB TEXHHKH 

5 HacTOHmee H3o6peTeHHe othochtch k c$epe npon3BOflCTBa 

MOHOKpHCTannHHecKHX nonynpoBo^HHKOBHx MaTepaanoB nnx 

3JieKTpOHHOH npOMBHHJieHHOCTH , H B HaCTHOCTH , K anHTaKCHanB- 

HOMy BEapamHBaHHio H3 napoBofi $a3K HHTpnna a jiiomhhhji t 
HBnjiiomerocji nepcneKTHBHHM MaTepHanoM hjih H3roTOBneHHH 

10 yCTpOHCTB Ha OCHOBe nOBepXHOCTHHX aKyCTHHeCKHX BOJTH / a 

TaKse H30JiHpyiomHX nofljioxeK hjih nonynpoBOflHHKOBBix npn6o- 
poB, cnoco6HHx pa6oTaTB npn bhcokhx TeamepaTypax . 

nPEflEIECTByiOmHH YPOBEHB TEXHHKH 

15 H3BGCTHBI CnOC06bI BbipcHIJHBclHHH MOHOKpHCTaJIJIHHeCKOrO 

HHTpHfla aniOMHHHH, OCHOBaHHBie Ha OCaXfleHHH H3 napoBOH $a3H 

HHTpHfla aniOMHHHH i o6pa3yK>merocH Ha noflxtoxKe b pe3yjiBTaTe 
XHMHHecKOH peaicqHH MeTannopraHHHecKoro coennHeHHH anioMH- 

HHH C aMMHaKOM. flOCTOHHCTBOM 3TOH rpynilBI CnOCo60B HBJlHeT- 

20 oTHOCHTejiBHO HH3K3H TeMnepaTypa , oKono 1000° C, npn ko- 

TOpOH npOHCXOHHT pOCT MOHOKpHCTclJIJia , HO flOCTHraeMdH CKO- 

pocTB pocTa ciiHinKOM Mana nn« npoMumneHHoro BapamnBaHH^ 

06"BeMHBIX KpHCTaJIJlOB • 

K npyroH rpynne cnoco6oB, HcnonB3yeMHX nnx BBipamHBa- 
25 hhh MOHOKpHCTannoB 6HHapHHx coeflHHeHnii f b nacTHOCTH Kap- 
6Hfla KpeMHHH, ho enje He nonynHBin^x flonxHoro pa3BHTH* npa- 

MeHHTeJIBHO K BHpaiUHBaHHIO MOHOKpHCTaJIJIHHeCKOrO HHTpHRa 

anioMHHHH, othochtch cy6nHMaijHOHHbie cnoco6fij ocHOBaHHwe Ha 
peKOM6HHaqHH Ha nofljioxxe a30Ta h napoB anioMHHHH, nonyneH- 
30 hhx HcnapeHHeM MaTepnajia HCTOHHHKa, b KanecTBe KOToporo 

HCnOHB3yK)T IIOJIHKpHCTanJIHHeCKHH HHTpHfl aJliOMHHHH • H3BeCTHOH 

oco6eHHocTBio HHTpHfla an»MHHHH HBHHeTC5i to, ^to ero TeMne- 
paTypa nnaBneHHH, H3BecTHan tojibko TeopeTHnecKH, 3HanH- 
TenBHo BBime TeMnepaTypn, npH kotopoh nponcxoflHT ero pa3- 
35 noxeHHe Ha cocTaBJiniomHe sneMeHTH, IIosTOMy nepeHoc MaTe- 
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pHana HCTOHHHKa Ha noRJioxicy nponcxoflHT c o6pa30BaHHeM 
a3QTa h napoB a jiiomhhhh , KOTopue 3aTeM peKOM6HHHpyH>T Ha 
noanoxKe. Heo6xonHMNM ycnoBneM pocTa MOHOKpncTanna xbjisi- 
eTCH co3RaHHe pa3HOCTH TeMnepaTyp Mexay iiohjioxkoh h 6onee 

ropOTHM HCTOHHHKOM . RJIH HarpeBa HCTOHHHKa HCnOJIB3yeTC5I 

hhaykijhohhhh CBH HarpeBaTen* rarnn HCTOHHHKa , ctchkh ko- 
Toporo b 3tom cny*iae bbiiiojihhh)tc5i h3 sneKTponpoBonHoro M a- 
TepHajia, jih6o o6hhhbih pe3HCTHBHHH sneKTpHHecKHH HarpeBa- 

TeJTB * 

OCHOBHHMH npeiltfTCTBHHMH B BHpanjHBaHHH o6«BeMHHX MOHO- 

KpncTannoB HHTpnna aniOMHHHH 6ojiBmHx pa3MepoB cy6nHMaqnoH- 
hhm MeTOROM ^bjihstch He3HaHHTejiBHa*i cicopocTB pocTa , naxe 
npn TGMnepaTypax okojio 2000° C, h BiicoKan arpeccHBHocTB 
napoB anioMHHHH npn sthx TeMnepaTypax no OTHomeHHio k Ma«re- 
pnany thtjih. H3BecTHO HcnonB30BaHHe TaKHx MaTepnanoB Kaic 
BOJiB$paM, rpa^HT h rpa$HT, iiokpbithh nneHKOH Kap6Hfla KpeM- 

Han6onee 6jih3Khm k npeflnoxeHHOMy H3o6peTeHHio KBnneTc^ 
cy6nHMaqHOHHHH cnoco6, onncaHHBiH b CTaTBe C. M. Balkas et 
al. "Growth of bulk AlN and GaN Single Crystals by 
Sublimation", Materials Research Society Symposium 
Proceedings Vol. 449, 1997. (CM. BanKac h np. 
"Cy6HHMaqHOHHoe BHpanjHBaHHe oST&eMHHx MOHOKpncTannoB AlN h 
GaN", ony6nHKOBaHHas: b Tpyaax c hmiio 3 HyMa 06mecTBa Hccne- 
flOBaHHH MaTepnajioB , tom 449, 1997, CEA) . B stoh pa6oTe 

npHBOJJHTC* OnHCaHHe SKCnepHMGHTOB no BbipamHBaHHK) MOHOKpH- 

CTannoB HHTpnna anioMHHHH b rpa$HTOBOH KaMepe c pe3HCTHB— 
hum HarpeBa TeneM. noanoxKa ycTaHaBJiHBanacB b KaMepe aKCH- 

anBHO C nOBepXHOCTBK) HCTOHHHKa Ha pa3JIHHHKX paCCTOilHHHX 

ot Hee b npe«enax ot 1 no 40 mm, B xojje SKcnepaMeHTOB 6h- 
na ycTaHOBneHa HenparoRHocTB HHCToro rpa$HTa b KanecTBe 
MaTepnana hjih THriiH, kotopbih pa3pymanc* b pe3yjiBTaTe pe- 
axqHH rpa^HTa c napaMH anioMHHHH npHBOHHBmefi k o6pa30BaHHK> 
Kap6Hfla aniOMHHH* (A1 4 C 3 ). BBipamHBaHHe npoBonnnocB c hc- 
nonB30BaHHeM rpa$HTOBBix THrneH c noKpuTHeM H3 Kap6Hfla 
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KpeMHHH (SiC), KOTopwe o6ecneHHBanH bo3mo2choctb oflHOKpaT- 
Horo npoBejqeHHH npoqecca npoflonxHTenbHocTtio 10-15 nacoB 
npn TeMnepaTypax 6hh3khx k 2000 d C. 3a 3to BpeMH nponcxo- 
Hhjio pa3pymeHHe SiC noKptiTHH BcnejqcTBHe flH$$y3HH anioMHHHH 
5 ckbo3b noKpHTHe h ero peaiujHH c rpa$HTOM. flna nonyneHHH 
crra6nnBHOH CKopocTH HcnapeHHH b KanecTBe MaTepnana hctoh- 
HHKa HcnoriB30Banc5i npeccoBdHHHH nopomoK nonHKpHCTannHHe- 
CKoro HHTpnna a jiiomhhhh , a b KanecTBe 3aTpaBOHHoro Kpn- 
CTanna noflnoxKH HcnonB30BancH Kap6nfl KpeMHHH • BBipaiijHBaHHe 
10 ocymecTBnHnocB npn TeMnepaTypax b Bnana30He 1950 - 2250°C 
h nponyBKe KaMepw a30TOM npn ^HKCHpoBaHHOM aaBneHHH 500 

TOpp (npH5jIH3HTeJIBHO 670 MHJIJlH6ap). 

TaKoe naBneHHe BBOflHMoro h3bhg a30Ta co3jjaeT 3HanH- 
TenBHHH h36htok a30Ta b cocTaBe napoBOH $a3Ea no CpaBHeHHKD 
15 c cocTaBOM, nony^aiomHMCii npn HcnapeHHH HHTpnna anioMHHHH 
HCTOHHHKa « PacneT noKa3biBaeT, *ito naBneHHe napoB HHTpHfla 
a jiiomhhhh f o6pa3yiomHXCH b ycnoBHHx SKcnepHMeHTa npn TeMne- 
paType 2250°C, jqocTHraeT tohbko bsjikhkhh 200 MHnjiH6ap- 



20 mhhhh o6;ranaeT oco6eHHOCTBK), 3aKni0HaioqeHCH b "oneHB bhco- 



paTypax" . 

Kor^a pent HjjeT o "bhcokom" paBHOBecHOM aaBneHHH napa 
OHHoro H3 sneMeHTOB SHHapHoro cogahhbhhh , HcnapniomerocH c 
25 pa3noxeHHeM Ha sneMeHTia, cneqHanHCTy b naHHOH o6jiacTH 

TeXHHKH nOHKTHO, HTO HMeeTCH B BHfly CpaBH6HH6 paBHOBeCHHX 

napqnanBHHX flaBneHHH napoB sneMeHTOB SToro coenHHeHHH b 
3 aMKHy toh CHCTeMe, HaxonnnieHCH b TennoBOM paBHOBecHH. L(h- 
THpoBaHHoe BHine yTBepxneHHe, oTHoenmeecH k HHTpnny anmiH- 
30 hhh g 03HanaeT, hto KOHijeHTpaqHH aTOMOB a30Ta b napax hht- 
pHfla anioMHHHH 3HaHHTentHO npeBHmaeT KonqeHTpaqnio aTOMOB 
anioMHHHH. nocneflHee MOxeT HMeTt MecTo tojibko b cnynae, 
ecjiH b 3aMKHyTOH cHCTeMe paBHOBecHoe naBneHHe napoB ycTa- 

. HaBJIHBaeTCH TaKHM 06pa30M f HTO aTOMBI a JIIOMHHHH H3 napoBOH 

35 $a3Bi, MHHyn peKOM&HHaijHK) c a30TOM, nepexoRHT b XHHKyio $a- 



B yKa3aHHOH BBime pa6oTe yTBepx^aeTCH , hto hhtphh anm- 



kom paBHOBecHOM flaBneHHH napoB a30Ta npn yMepeHHHx TeMne- 
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3y an»MHHHH. OHeBHflHO, co3naHHe BHCOKoro ^OHOBoro naBne- 

HH* a30Ta B 3THX SKCIiepHMeHTaX npOflHKTOBaHO CTpeMJieHHeM 

H36exaTB onacHOCTH o6pa30BaHHH xhhkoh <|>a3bi (KanejiB) anio- 

mhhhh b npoqecce BEJpamHBaHHH Ha pOCTOBOH nOBepXHOCTH MO- 

HOKpHCTanna h cTeHKax icaMepbi h stum H36exaTB noTepB anio- 

MHHHH t a TaKXe B03MOXHOrO npH 3TOM 06pa30BaHHK ne^eKTOB 

KpHCTanJiHHecKOH CTpyKTypu. 

OflHaKo f npn 3HanHTenBHOM H36HTKe a30Ta b CMecn a30Ta 
h napoB anK)MHHHH ReftcTByeT MeRneHHiaH flH$$y3HOHHNH Mexa- 
hh3m nepeHOca MaTepnana HCTOHHHKa k no^noxKe, npnieM 
hmghho ckopoctb nepeHOca orpaHH^HBaeT ckopoctb pocTa MO- 

HOKpHCTaJIJia. 

B onncaHHOM 3KcnepHMeHTe bipamnBaHHK) npn TeMnepaType 
2250° C npeniiTCTBOBajio 6HCTpoe HcnapeHHe Kap6n;qa KpeMHHH 
noKp&iTHH THrnH . BiapamHBaHHe npononxHTenBHOcTBK) 15 nacoB 
co CKopocTBio 30-50 MKM/nac ocymecTBJiiiJiocB b TeMnepaTypHOM 
nnana30He 1950-2050°C. OqeHKa ckopocth pocTa 0.5 MM/nac b 
TeneHne HenpononxHTenbHoro BpeiieHH BBipanjHBaHHH 6&ijia nony- 
neHa npH TeMnepaType HCTOHHHKa 2150°C / paccTOHHHH Mexay 
noRJioxKOH h hctohhhkom 4 mm h noflRepxaHHH TeMnepaTypti 
noflnoxKH Ha BejiHHHHy He MeHee 70 °C hhxg TeMnepaTypbi hc- 

TOHHHKa . 

06ecneHeHHe 3HaHHTGJibHOH pa3HOCTH TeMnepaTyp noflnoxKH 
h HCTOHHHKa npeflCTaBJineT co6oh TexHHnecKyK) npo6neMy b 
cnynae Manoro pace to.jihh.ji Mexjjy hhmh , KOTopan MoxeT Sbitb 

pemeHa C nOMOmBK) CJIOXHHX KOHCTpyKTHBHHX yxHmpeHHH H TOJIB — 

ko ijeHOH HenpOH3BOflHTejiBHbix 3aTpaT 3HeprHH t TaK Kax npn- 
xohhtc* npHHHMaTB Mepa npHHyjjHTejiBHoro oxnaxneHH^ nonnox- 
kh, HarpeBaeMOH TennoBHM H3JiyneHHeM ot HCTOHHHKa ♦ KpoMe 
Toro cnenyeT otmcthtb, hto noBbimeHne paSonefi TeMnepaTypbi 
HCTOHHHKa h cB5i3aHHOH c HeH TeMnepaTypbi nonnoxKH xoth h 
o6ecnenHBaeT yBennneHHe ckopocth pocTa MOHOKpHCTanna hht- 
pana ajiwMHHHH, ho, iiomhmo noBHineHHoro paexojja SHeprHH, 
npHBORHT Taicxe k pe3KOMy coKpanjeHHio cpoKa cnyx6H Tex nac- 
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Ten oSopyflOBaHH^i, KOTopae pa6oTaioT npn 3Thx bbicokhx TeM- 
nepaTypax • 



PACKPHTHE H30BPETEHHH 
5 3ananefi HacTOjmjero H3o6peTeHH« slbtislgtcsi co3naHHe 

cnoco6a h ycTpoiiCTBa nnn BBipanjHBdHHH MOHOKpncTanHHecKoro 

HHTpHfla ajIIDMHHHH, KOTOpBIH nO3B0JIHJI 6fiJ flOCTHHB BEJCOKOH 
CKOpOCTH pOCTa MOHOKpHCTaJIJia npH HeBHCOKHX Tpe60BaHHHX K 

TdKHM napaMeTpaM npoqecca, kqk pa6onaK TeMnepaTypa hctoh- 
10 HHKd , paccTOHHae h pa3HocTB TeMnepaTyp Mexny nonnoxKOH h 

HCTOHHHKOM, H npH 3TOM II03BOJ1H7I BBinOJIHHTB MHOrOKpaTHOe 

B&ipanjHBaHHe o6*BeMHBix MOHOKpHCTanJioB 6e3 3aMeHw nacTefi hc- 
nonB3yeMoro o6opynoBaHHH, hto, b kohghhom cneTe, o6ecne- 
hhjio 6w npoMwraneHHyio npHMeHHMOCTB cnoco6a. 

15 3Ta 3anana pemaeTC* TeM, hto b cnoco6e snHTaKCHanBHo- 

ro BHpanjHBaHHH MOHOKpHCTaJinHnecKoro HHTpnna aniOMHHHH H3 
CMecH a30Ta h napoB aniOMHHHJi, BKJironaiomeM pa3MenjeHHe b 
POCtoboh KaMepe Rpyr HanpoTHB npyra nonnoxKH h HCTOHHHKa 
axHOMHHHft f HarpeB h nonnepxaHHe TeMnepaTyp HCTOHHHKa h 

20 no^jioxKH, oSecneHHBaronjHx, cooTBeTCTBeHHO r o6pa30BaHHe na- 

POB aJlBMHHHH B COCTaBe CMGCH H pOCT MOHOKpHCTaJIJia HHTpHJja 

amoMHHHH Ha noflnoxKe, cornacHO H3o6peTeHHK>, naBneHHe cMe- 
ch a30Ta h napoB a jik>mhhhji b poctoboh KaMepe noflflepxHBaDT 
b HHTepBane 400 MHJinnSap ot HHXHero 3HaHeHHH paBHoro «aB- 

25 neHHK), co3^aBaeMOMy b 3aMKHyTOM oS'&eMe cMecBio o6pa3yK>mHx- 
ch npn TeMnepaType HCTOHHHKa napoB anroMHHH* c a30TOM, 
HMeiomefi oflHHaKOBHe KOHijeHTpaqHH aTOMOB a30Ta h anioMHHHH. 

CornacHO HacTOHqeMy H3o6peTeHHio, BtipamnBaHHe mohokph- 
CTanna HHTpupa aniOMHHHH ocymecTBJiH»T 6e3 HcnojiB30BaHH.fi b 

30 npouecce pocTa BucoKoro ^oHOBoro naBJieHHH a30Ta, co3aaio- 
mero 3HaHHTenBHKH h36htok KOHqeHTpaqan aTOMOB a30Ta no 

CpaBHeHHK) C aTOMaMH aJIBOMHHHH B COCTaBe CMeCH * 

B ycJTOBHHx 3HaHHTenBHoro H36biTKa a30Ta b cocTaBe cMe- 

CH CKOpOCTB pOCTa MOHOKpHCTaJIJia OrpaHHHeHa CKOpOCTBK) RH$- 

35 $y3HOHHoro nepeHoca aTOMOB aniOMHHHH ot hctohhhks k nofl- 
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noxKe. CHHxeHHe H36HTKa a30Ta b cocTaBe CMecn jjo BexiHHHH, 
Korna ee KonHnecTBeHHHH cocTaB npn6nHxaeTCH k CTexnoMeT- 
pHnecKOMy cooTHoraeHHio KOHqeHTpaqnH aTOMOB a3o«ra h anioMH- 

HHH, COOTBeTCTByiOmeMy HJI5I HHTpH^a anK)MHHHK OHHHaKOBMM HX 
KOHqeHTpaqHHM, IipHBOflHT K MHOrOKpaTHOMy yBSUHHeHHK) CKopo- 
CTH pOCTa MOHOKpHCTanna HHTpH^a aJIKJMHHHH • 

YBenHHeHHe ckopocth pocTa nponcxoHHT b pe3ynBTaTe Ka- 
necTBeHHoro h3mghshhh MexaHH3Ma nepeHoca aTOMOB aniOMHHHH. 

IIpH npH6jIHXeHHH K CTeXHOMeTpH^eCKOMy COOTHOffieHHK) KOHqeH- 

TpaijHH aTOMOB a30Ta h amoMHHH* Han npoqeccoM EH$$y3HOHHo- 
ro nepeHoca HanHHaeT npeo6na,qaTB kohbgkthbheih nepeHoc, 
BHpaxaKiqHHCH b HanpaBJieHHOM RBHxeHHH aTOMOB, cocTaBnnroiqHX 
napH HCTOHHHKa k 6onee xojiohhoh nofljioxKe. B cjiynae CMecH 
a30Ta h napoB a jiiomhhhh t KaK ycTaHOBJisHo aBTopaMH, HBneHHe 
KOHBeKTHBHoro nepeHoca npoHBnneTCH oneHB chtibho h conpo- 
BosflaeTca 3HaHHTejiBHBiM yBennneHHeM ckopocth nepeHoca Ma- 
Tepnana HCTOHHHKa k nonnoxxe. 3to npHBonHT k yBenn^eHHR) 
ckopocth pocTa MOHOKpHCTanna f xoTopa* b nepByro onepenB 
orpaHHHeHa ckopoctbk) nepeHoca. 

npn pa6oHHx TeMnepaTypax BHpamHBaHH* a30T npncyTCTBy- 
eT b napoBOH $a3e b BHfle MoneKyn N 2/ h cooTHomeHne napqn- 
anBHHx naBneHHH a30Ta h napoB anioMHHH* b hx CTexHOMeTpn- 
necKOH CMecH paBHO 1:2. BcnencTBne SToro, Huxaee 3HaneHHe 
3aflaHHoro HHTepBana flaBiieHHH b nonTopa pa3a npeBocxoflHT 
napqnanBHoe jjaBneHHe napoB a jikdmhhhk , o6pa3yeMnx HcnapenH- 
eM MaTepnana HCTOHHHKa b 3aMKnyTOM o6*BeMe. 

IJenecoo6pa3Ho, noanepxHBaTB jqaBneHHe CMecH a30Ta h 
napoB a jiiomhhhh b KaMepe 6hh3khm k HHXHeMy 3HaneHHio 3a«aH- 
Horo HHTepBana, cooTBeTCTBywmeMy CTexHOMeTpHHecKOMy coot- 
HomeHHK) KOHqeHTpaqnii aTOMOB a30Ta h a jiiomhhhh b CMecH, npn 

KOTOpOM CKOpOCTB pOCTa MOHOKpHCTanna HHTpHJja aniOMHHHH 

AOCTHraeT MaKCHMyMa. 

Orhhm H3 B03M0XHHX nyTen peanH3aqHH H3o6peTeHHH *Bn*- 
eTCH TaKOH, Korqa b KanecTBe MaT.epnana HCTOHHHKa aniOMHHH* 
HcnonB3y»T hhtphe anioMHHHH, pocTOByw KaMepy no Hanana Ha- 
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rpeBa b aKy yMHpy k>t h repMeTH3Hpy»T, h npoBojqnT BHpamHBaHHe 
MOHOKpHCTanna HHTpHfla cljiiqmhhhh npn hhxhgm 3HaneHHH 3anaH- 
Horo HHTepBana flaBJieHHH cmbch a30Ta h napoB a jiiomhhhh , 
co33qaBaeMOH b poctoboh KaMepe HcnapeHHeM MaTepnana hctoh- 

5 HHKa . 

ABTopaMH ycTaHOBJieHO , hto npoqecc HcnapeHHH h nocne- 
nyramen peKOM6HHaqHH napoB HHTpHjja amoMHHHH HCTOHHHKa b 
repMeTH^HOH poctoboh KaMepe nponcxonHT 6e3 o6pa30BaHHH 
xHflKOH $a3H aniOMHHHH • B repMeTHHHOH poctoboh KaMepe npn 

10 HCnapeHHH HHTpHfla anJOMHHHH HCTOHHHKa CO30aeTC5I CTeXHOMeT- 

pHnecKa* CM6CB a30Ta h napos a. jiiomhhhh , to ecTB pocT moho- 
KpHCTanna nponcxoflHT npn aaBneHHH CMecn paBHOM HHXHeMy 
3HaneHHK) 3anaHHoro HHTepBana naBneHHH, npn kotopom nencT- 
ByeT MexaHH3M KOHBeKTHBHoro nepeHoca, o6ecneHHBaic>mHH MaK- 
15 CHManBHyio ckopoctb pocTa . 

flpyroft BapnaHT peanH3aijHH coctoht b tom, hto b Kane- 
CTBe MaTepnana HCTO^HHKa anioMHHriH HcnonB3yiOT hhtphr anio- 
mhhhh , pocTOByio KaMepy , coo6maiomyiocH c BHemHHM npocTpaH- 
ctbom , noMeqaDT b aTMOc$epy a30Ta, naBneHHe KOToporo non- 
20 nepxHBaroT b npenenax 3anaHHoro HHTepBana naBneHHH BHyTpn 
POCTOBOH KaMepH • 

B cny^ae HcnonB30BaHH5i HHTpnna a jiiomhhhh b KanecTBe 
MaTepnana HCTOHHHKa b HerepMeTHHHOH poctoboh KaMepe, no;q- 
HepxaHHe 3ajqaHHoro Konn^ecTBeHHoro cocTaBa CMecn BHyTpH 
25 poctoboh KaMepH f nyTeM co3naHHH 3anaHHoro $OHOBoro aaBne- 
hhh a30Ta CHapyxn, no3BonneT npn6nH3HTB ckopoctb pocTa 
MOHOKpHCTanna k jjocTHraeMOH c noMomBio repMeTH^Hoa pocto- 
boh KaMepH. Ilpn 3tom HcnonB3yeTCH 6onee nemeBBiH h TexHO- 
norHHHBiH b oTHomeHHH noBTopHHx BBipamHBaHHH BapnaHT 6e3 
30 repMeTH3aijHH poctoboh KaMepa. 

Eme ohhh BapnaHT peanH3aijHH coctoht b tom, hto b Ka- 
necTBe MaTepnana HCTOHHHKa anioMHHHH HcnonB3yiOT MeTannn^e- 
ckhh anioMHHHH , pocTOByio KaMepy, coo6maiomyK)CH C BHemHHM 
npocTpaHCTBOM, noMemaBT b aTMOC$epy a30Ta, flaBJieHHe koto- 
35 poro noflflepxHBaoT b npenenax 3anaHHoro HHTepBana naBneHHH 
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BHyTpn pocTOBofi KdMepK . B 9TOM cnynae a30T nocTynaeT b 

COCTaB CMeCH H3BHe pOCTOBOH KaMepbl • 

Hctohhhk, coflepxanjHH MeTanjiHHecKHH a jiiomhhhh f o6ecne- 
HHBaeT b TeMnepaTypHOM flHana30He HHxe 2400°C 6onBinyK> cko- 
5 poctb pocTa MOHOKpHCTanna r neM hctohhhk, MaTepnanoM KOTO- 
poro cnyxHT hhtpha anioMHHHJi. 

nocTaBJieHHan 3anana peinaeTCH TaKxe TeM, hto b pocto- 
boh KaMepe hjih snHTaKcnanbHoro BBipamHBaHH* MOHOKpHCTannn- 

HeCKOrO HHTpHfla a JIIOMHHHH H3 CM6CH a30Ta H napOB a JIlOMHHHil f 
10 BHIJOJIHeHHOH . C B03MOKHOCTBX) pa3Me^eHH^ BHyTpH Hee HCTOHHH- 

Ka anioMHHHH h nonnoxKH, HarpeBa h noflflepxaHHH TeMnepaTyp 
HCTO^HHKa h noflnoxKH , o6ecneHHBaK>mHx pocT MOHOKpHCTanna 
HHTpHfla a jiiomhhhh Ha nonnoxKe , cornacHO H3o6peTeHHio, Maxe- 
pnan KOHTaKTHpyionjeH c hctohhhkom h napaMH amoMHHH.* no- 

15 BepxHocTH poctoboh KdMepti npeflCTaBnneT co6oh TBepflbifi pac- 
TBop Kap6nna TaHTana b TaHTane. 

ABTopaMH o6HapyxeHO, hto T'aHTan (Ta), nernpoBaHHUH 
yrnepoflOM npeflCTaBJineT co6oh MaTepnan peaicqnoHHO ctohkhS 
no OTHomeHHK) k pacnnaBy aniOMHHHH h ero napaM npn TeMnepa- 

20 Typax no MeHBmen Mepe no 2500°C. npHMeHeHHe TaKoro MaTe- 
pnana BHyTpeHHen noBepxHOCTH poctoboh KaMsp&i o6ecnenHBaeT 

B03M0XH0CTB MHOrOKpaTHOrO HCIIOJlB30BaHH£ pOCTOBOH KaMepbl 

flaxe b cnynae, Kor^a b KanecTBe HCTOHHHKa aniOMHHHH hc- 
nonB3yeTCH MeTannnnecKHH anBMHHHH. 

25 

KPATKOE OnHCAHHE 4>HrYP HEPTEJKEft 
Onr.l cxeMaTHMecKH H3o6paxaeT ycTponcTBO flnn Bbipamn- 

BSHHH MOHOKpHCTanna HHTpHfla aniOMHHHH; 

<&Hr.2 H3o6paxaeT TeMnepaTypHtie 3aBHCHMocTH naBneHHH 
30 CTexHOMeTpHHecKOH CMecH a30Ta h napoB anioMHHHH b 3aMKHy— 
tom o6*BeMe hjih flByx pa3JiHHHHx MaTepnanoB HCTOHHHKa anioMH- 
hhh; 

<E>nr,3 H3o6paxaeT ceMencTBo kphbhx 3aBHCHMOCTH cKopo- 

CTH pOCTa MOHOKpHCTanna HHTpHfla aniOMHHHH OT BenHHHHBI flaB- 

35 neHHH CMecH a30Ta h napoB aniOMHHHH fln^ Tpex pa3JiHHHBix 
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TeMnepaTyp npw ncnojiB30BciHHH HHTpnna sljuomhhhk b KanecTBe 
MaTepaana hctohhhkcl anioMHHHH. 

BAPHAHTH OCyflECTBJIEHHH H30BPETEHHH 
5 BHpamHBaHHe MOHOKpHCTanna HHTpufla aniOMHHH^ npoBOHHT c 

noMombio ycTpoficTBa, H3o6paxeHHoro * Ha <S>Hr.l. Yctpohctbo 
HMeeT Kopnyc 1, bbjiio jthghhbih , HanpHMep, H3 KBapija, b no- 
nocTH 2 KOToporo ycTaHOBneHa pocTOBaa: KaMepa 3 b <|>opMe 

IJH JIHHfjpa f 3aMKHyTOrO AByMH TOpqeBHMH CTeHKdMH • Ha OflHOH 

10 H3 TopqeBbix ctghok poctoboh KaMepH 3 , KOTOpa^ MOXeT 6htb 
BanonHeHa b BHjje cbgmhoh kphhikh, ycTaHaBJiHBaiOT no^JioxKy 
4. B KanecTBe MaTepaana nonnoxKH 4 HcnonB3yiOT mohokph- 
CTanJlHHeCKHH HHTpHfl a jikjmhhhh hjih Kap6HR KpeMHH*i, HMeiomHH 
6nH3KyK> C HHTpHHOM aJIKDMHHHH KpHCTannHHecKyio cTpyKTypy. 

15 HanpoTHB nonnoxKH 4 b poctoboh KaMepe 3 pa3Mema»T hctoh- 
hhk 5 anioMHHHH. HHflyKi^HOHHHH HarpeBaTejiB 6 coflepxHT qn- 

JIHHflpHHeCKOH <J)OpMbI npHGMHHK 7 HHqyKIJHOHHHX TOKOB, BKnOJl — 

HeHHBiH H3 sneKTponpoBOflHoro rpa$HTa, h nHTaeMue pa3nenBHO 
ceKqHH 8 h 9 CBH KaTymex, IIphbmhhk 7 OKpyxeH TeniioH30JiH- 

20 TopoM 10, MaTepnanoM j\nx. KOToporo MOxeT cnyxHTb , Hanpn- 
Mep, nopncTHH rpa$HT. Taica* KOHCTpyKijHH poctoboh Kanepw 
o6ecneHHBaeT bo3moxhoctb HarpeBa HCTOHHHKa 5 anioMHHH5i j\o 
TeMnepaTypH He MeHee 2500° C c noMomBK) ceicqHH 9 HarpeBaTe- 
hh. HarpeB noqnoxKH 4 OTaen&HOH ceKijHeH 8 no3BonneT co3- 

25 flaBSTB 3anaHHyio nonoxHTenbHyio pa3HOCTB TeMnepaTyp Mexay 

HCTOHHHKOM 5 H nOflJIOXKOH 4. 

KoHCTpyKqH5i poctoboh KaMepH 3aBHcnT ot pa3MepoB MOHO- 
KpHCTannoB, ho kotopmx hx npeflnonaraeTCH BMpamHBaTb . flnn 

BbipamHBaHHH MOHOKpHCTaJIJIOB 60JIBHIOH TOnilJHHH, flO HeCKOJIBKHX 

30 necHTKOB MHJiJiHMeTpoB r HHAyKqHOHHHH HarpeBaTejiB MOXeT 6bitb 
BHiioiiHeH nepeMemaeMHM bhojib poctoboh KaMepa c tsm f hto6h 
co3flaBaeMoe hm none TeMnepaTyp moxho 6bijio cMemaTB no Mepe 

H3MeHeHHH IIOHOXeHHH pOCTOBOH nOBepXHOCTH MOHOKpHCTaJIJia , 
COXpaH^H 3THM nOCTOHHHHe yCJIOBH* HJIH pOCTa . HHHyKIJHOHHHH 

35 HarpeBaTenB MoxeT He conepxaTB pa3flejibHHx ceKijHH 8 h 9 , 
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ecnH KOHCTpyKqHH poctoboh KaMepH no3BonneT o6ecneHHTB 
Tpe6yeMyio pa3HocTL TeMnepaTyp Mexay hctohhhkom 5 h no«- 
jioxkoh 4 . Bmgcto HHnyKqHOHHoro MOxeT 6htb HcnojiB30BaH pe- 

3HCTHBHHH HarpeBaTeJIB , pa60HHH 3JieMeHT KOTOporO OXBaTHBa- 

eT o6nacTB pa3MemeHHH HCTOHHHKa anioMHHHJi. 

flnn yBenHHeHH^ ckopocth pocTa MOHOKpHCTanna BennnHHy 
pa3HocTH TeMnepaTyp HCTOHHHKa 5 h nonnoxKH 4 xenaTenBHo 
nonnepxHBaTB paBHOH hgckojibkhm necHTKaM rpanycoB, npn 
3TOM paccTO^HHe Mexny hctohhhkom 5 h nonnoxKOH 4 c 3toh 
xe qenBio cnenyeT ycTaHaBHHBaTB bo3moxho MeHBme. 3th nBa 
Tpe6oBaHH5i npoTHBopenaT flpyr npyry, Tax xaK npH ManoM 

paCCTOHHHH MeXfly HCTOHHHKOM H nOflJIOXKOH 3aTpy«HHTeJIBHO 

o6ecneHHTB 3HaHHTejiBHyio pa3HOCTB TeMnepaTyp Mexny hhmh 
BCJie^CTBHe paflHaijHOHHoro HarpeBa nonnoxKH 4 ot HCTOHHHKa 
5. 3to npoTHBopeHHe MOxeT 6htb npeononeHO, ecnn npHHHTB 
cneqHanBHBie Mepti no oxnaxjjeHHK) noqnoxKH, ho sto npHBOflHT 

K HenpOH3BOAHTenBHBIM nOTep^IM SHeprHH. Be3 npHHHTHH TaKHX 

Mep, b nop*HKe KOMnpoMHcca r rjenecoo6pa3HO BH6npaTB pac- 
CTOKHHe Mexny hctohhhkom h noflnoxKOH b npenenax 3-10 mm 
npH pa3HocTH TeMnepaTyp b npenenax 10 - 30° C, cooTBeTCT- 

BeHHO . 

CTeHKH poctoboh KaMepH 3 BbinojiHeHH H3 TaHTana, BHyT— 
peHH^H noBepxHOCTB CTeHOK nernpoBaHa yrnepoflOM. JlernpoBa- 
HHe yrneponoM npoBOHHTC* cnenyw^HM o6pa30M. PocTOByio Ka- 
Mepy 3 3anonHHK)T nopomKOM rpa$HTa h MeaneHHo HarpeBa^T jjo 
2200-2500°C. TeMnepaTypy noBBimaDT c nocTOHHHon ckopoctbid 
b TeneHHe 1-3 ^acoB h 3aTeM BHnepxHBawT pocTOByK) KaMepy 
3 npn MaKCHManBHOH TeMnepaType eme b Te^eHHe 1-3 nacoB. 
B pe3yjiBTaTe TaKofi o6pa6oTKH MaTepnan BHyTpeHHen noBepx- 
hocth CTeHOK poctoboh KaMepH 3 npej^CTaBjineT co6oh nepe- 
MeHHNH no rny6HHe ot noBepxHOCTH TBepflHH pacTBop Kap6H^a 
TaHTana b TaHTane . nonyneHHHH TyronnaBKHH MaTepnan , KaK 
ycTaHOBjieHO aBTopaMH, He BCTynaeT b peaKqnio c anioMHHHeM 
npn TeMnepaTypax no MeHBraefi Mepe no 2500° C, hto o6ecneHH- 

BaeT B03MOXHOCTB MHOrOKpaTHOrO npOBeAeHHH UHKJIOB BHpanjH— 



WO 01/11116 



o 



o 



PCT/RUOO/00331 



11 



BctHHH MOHOKpHCTaJlHOB HHTpHfla aniOMHHHH B TdKOH pOCTOBOH 

KaMepe 6e3 3aMeHH hhh peMOHTa ee nacTea. npn btom bsxho , 
hto BHyTpeHHHe CTeHKH poctoboh KaMepbi 3, o6pa6oTaHHHe 
onHcaHHBiM cnoco6oM f npaKTHHecKH He ancop6npyK)T aniOMHHHH h 
no3Bon*noT Hcno;ib30BaTB b KanecTBe MaTepnana hctohkhka 
aniOMHHHH MeTannHHecKHH a jiiomhhhh • 

B BapnaHTe BBipamHBaHH*i MOHOKpncTanna H3 napoB HHTpnaa 

aJIK)MHHH5I HCTOHHHKa B repMGTH3HpOBaHHOH pOCTOBOH KaMepe 

npoqecc ocynjecTBjiHJOT cnenyiomHM o6pa30M. flo Hanana Harpe- 
sa, nonocTB 2, nnx yaajieHHH H3 Hee aTMoc$epHHx ra30B, 
npo^yBaiOT hhcthm a30TOM npn otkphtoh poctoboh KaMepe 3 . 
A30T H3 nonocTH 2 oTKaHHBaioT, h pocTOByio KaMepy 3 repMe- 

TH3HpyK)T r HanpHMep, MeTOflOM BaKyyMHOH CBdpKH • B03MOXHO 

TaKxe npoH3BOflHTB OTKanKy h repMeTH3aqnio poctoboh KaMepw 
3 no ee ycTaHOBKH b nonocTH 2. OTKaHKy poctoboh KaMepu 3 

npOH3BOflHT RO BenHHHHH OCTaTOHHOrO HaBJieHHH a30Ta, ManoH 
no cpaBHeHHK) c 3anaHHOH BenHHHHOH HHTepBana OTKJ10H6HHH ot 

flaBneHHH CTeXHOMeTpHHeCKOH CMeCH • EIpaKTHHeCKH , flOCTaTOH- 

hoh HBJineTCH BenHHHHa ocTaTOHHoro naBneHHH a30Ta B He- 
ckojibko e^HHHq MHjniH6ap« 

3aTeM, c noMombio HarpeBaTen* 6 hctohhhk 5, BunonHeH- 
hhh b BHjje 6pHKeTa cnpeccoBaHHoro H3 nopomKa nonHKpHCTan- 
jiHnecKoro HHTpHfla aiTK)MHHH5i t h nojjnoxKy 4 HarpeBasoT j\o 
pa6oHHx TeMnepaTyp, npn kotophx nponcxoflHT nanBHenraHH 
npoqecc BHpamHBaHHH. Pa6oHHe TeMnepaTypH, npn kotophx qe- 
necoo6pa3HO npoBo«HTB BBipamnBaHHe HHTpnna anuMHHHH nexaT 
b HHTepBane 2000-2500°C. 

B npoqecce HarpeBa HCTOHHHKa 5 HanajiBHoe jjaBJieHHe b 
Poctoboh KaMepe 3, co3naBaeMoe ocTaBmHMcst nocne oTKaHKH 
S30TOM, B03pacTaeT no Mepe HcnapenHH MaTepnana HCTOHHHKa 
5* HcnapeHHe HHTpHfla anioMHHH* HCTOHHHKa 5 nponcxonHT CTe- 
XHOMeTpHHecKH , to ecTB , npn TennoBOM pa3noseHHH MoneKyjibi 
A1N o6a sneMeHTa nepexon*T b napoByio $a3y. 06pa3OBaHHH 
hhakoh $a3H aniOMHHHH He npoHcxoflHT . npn 3TOM, ecnH npe- 
He6penB HeSonBmHM HananBHHM conepsaHHeM a30Ta, KOHijeHTpa— 
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UHH aTOMOB a30Ta H anDMHHHH B pOCTOBOH KaMepe 3 - OflHHa- 
KOBH f TO eCTB B eflHHHIje o6T&eMa npHCyTCTByRDT paBHBie KOJIH- 

necTBa aTOMOB a30Ta h aTOMOB anioMHHHH. 

TaKHM o6pa30M, BBipamHBaHHe MOHOKpncTanna HHTpn^a anio- 

MHHHH B repMeTH3HpOBdHHOH pOCTOBOH KaMepe 3 npOHCXOflHT 

npa HHKHeM 3HaneHHH onpeflenneMoro ^opMynoii H3o6peTeHHH 
HHTepBana flaBJieHHH CMecn a30Ta h napoB anioMHHHH, cootbst- 
cTByiomeM cTexHOMeTpHHecKOMy cooTHomeHHio KOHijeHTpaqHH aTo- 

MOB a30Ta H aXHOMHHHJI B CMeCH. 

B cnynae CTexHOMeTpHnecKoro cocTaBa CMecn a30Ta h na- 
poB anioMHHHH npoHcxonHT KOHBeKTHBHBiH nepeHoc MaTepnana 
HCTO^HHKa 5 Ha nowioxKy 4, ripen CTaBJiniomHH co6oh HanpaB- 
neHHoe flBHxeHHe stomob anioMHHHH h MoneKyji a30Ta ot hctoh- 
HHKa 5 k nonnoxKe 4, h nosTOMy 3HanHTenBHo 6onee 6hctphh 
neM nH$$y3HOHHHH nepeHOC . 

EIpH flH$$y3HOHHOM nepeHOCe CKOpOCTB pOCTa MOHOKpHCTaJI- 

na orpaHHHHBaeTCH ckopoctbk) nepenoca MaTepnana HCTo^HHKa 
5 x nofliioxKe 4, o6paTHO nponopqnoHanBHOH paccTOHHHK) Mexny 
hhmh , KOTopoe j\nsz yBejTHHeHH^ ckopocth pocTa Tpe6yeTcn ne- 

naTB MdJlHM . npH HHCTO KOHBeKTHBHOM nepeHOCe, B03HHKaK>meM 

b ycnoBH^x TOHHoro CTexHOMeTpHHecKoro cooTHomeHHH KOHqeH- 

Tpai^HH aTOMOB a30Ta H a JIH3MHHH5I f CKOpOCTB pocTa TGM BBime , 

neM BHme naBneHHe cTexnoMeTpHHecKOH CMecn, KOTopoe onpe- 
flenneTCH ckopoctbk) HcnapeHHH MaTepnana HCTOHHHKa 5 # Cko- 
Poctb HcnapeHHH npaKTHHecKH He 3aBHCHT ot paccTo^HHH M ex- 

Hy HCTOHHHKOM 5 H nOflHOXKOH 4. BCJie«CTBHe 9TOrO ; H3MeHe- 

Hne paccTOHHHH Mexny hctohhhkom 5 h noflHOXKOH no KpaHHen 
Mepe b npenenax, He npeBNmaKHijHx nonepeHHKe pa3Mepa nofl- 

JIOXKH 4, He CKa3HBaeTCH Ha CKOpOCTH pOCTa. 3TO, B CBOK) 

OHepeRB, no3Bon*eT pa6oTaTB c 6ojibiiihmh 3HaneHH5iMH pa3HO- 
cth TeMnepaTyp HCTOHHHKa 5 h iiohjioxkh 4, yBejinneHHe koto- 
poH npHBo^HT k yBenHHeHHio ckopocth HcnapeHHK MaTepnana 
HCTOHHHKa 5 h, cooTBeTCTBeHHO, k HononHHTenBHOMy yBennne- 

HHK) CKOpOCTH pOCTa MOHOKpHCTaJIJia • 
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B repMeTH3HposaHHOH poctoboh KaMepe 3 co6cTBeHHwe na- 

pbl HHTpHfla aniOMHHHH HCTOHHHKa 5 o6pa3yK)T CMeCb CO CTeXHO- 

MeTpHnecKHM cooTHomeHHeM KOHqeHTpaqHH aTOMOB a30Ta h an»- 

MHHHH • npH 3TOM o6eCneHHBaeTCH MdKCHMaJIBHaH CKOpOCTB pOC- 

Ta MOHOKpncTanna, no cpaBHeHHio c jjocTHraeMoft npn Tex xe 

yCJIOBHHX B npHCyTCTBHH H36HTOHHOrO COflepxaHH* B CMeCH 

a30Ta. 

nony^eHHa* hhcjighhbimh mstohsmh 3aBHCHMocTB oaBneHHH 
napoB HHTpana sjiiomhhhh b repMeTH3 HpoBdHHOH poctoboh KaMe- 
pe 3 ot TeMnepaTypbi HCTO^HHKa 5 npejjCTaBJieHa Ha to. 2 
kphboh A. HanpHMep, b cooTBeTCTBHH c KpHBOH A, TeMnepaTy- 
pe 2200° C cooTBeTCTByeT pacneTHoe naBneHHe napoB, npH6nH- 
3HTenbHO paBHoe 100 MHJiJiH6ap • 

Jlynme npHcnoco6neHHHM hjih npoBeneHHH nocneflOBaTenLHHX 

IJHKTIOB BBipaiqHBaHHH MOHOKpHCTaJIJIOB HHTpHRa aJIKMHHHH HBJ1H- 

eTCH BapnaHT BbipanjHBaHHH 6e3 repMeTH3aqHH poctoboh KaMep&i 
3 , b stom cnynae MoxeT 6htb o6ecneneHo 6&iCTpoe H3BneHeHHe 
BHpanjeHHoro MOHOKpHCTanna . 

B cnynae HcnonB30BaHHH nonHKpHCTannHHecKoro HHTpnna 
axiiOMHHH^i KdK MaTepnana hctohhuks 5 a jiiomhhhh , BKpaqHBaHHe 
MOHOKpHCTanna ocymecTBJunoT cnenyiomHM o6pa30M, 

Ho Hanana HarpeBa hctohhhk 5, noflnoxxy 4 h pocTOByio 
KaMepy 3 noflroTaBJiHBaioT Tax xe KdK b npeauflymeM BapnaHTe. 

IIpH BBipamHBaHHH MOHOKpHCTanna 6e3 repMeTH3aqnH pocto- 
boh KaMepw 3, Tpe6yeTCH npeflOTBp^THTB yTe*nty H3 Hee napoB 
HCTOHHHxa 5. C stoh qenBK) b liojiocth 2, coo6maiomeHc$i c 
Poctoboh KaMepoH 3, nepe3 3a3opa coenHHeHHH ee HacTeft, 
hjih cneqnanBHo BbinonHeHHBie KaHanH ( He noKa3aHH ) , co3«ai0T 
ypaBHOBemHBaK>mee naBneHHe a30Ta He HHxe Taitoro, KOTopoe 
co3naBanH 6bi coScTBeHHHe napa HHTpnna anioMHHHH HCTOHHHKa 
5 b 3 aMKTHyTOM o6teMe . flaBJieHHe a30Ta KOHTponnpyroT, H3Me- 
Phh ero b xononHOH nacTH iiojiocth 2, BnajiH ot poctoboh Ka- 
MepH 3 . Rnx H3MepeHHH npuMe HiieMBix b HacTOHUjeM MeToae Ecib- 
neHHH, 3aKJii0HeHHBix b nnana30He 1 - 2000 MHJinH6ap, H3Bec- 
TeH mnpoKHH cneKTp npn6opoB pa3JiHHHoro npHHijHna neacTBHH: 
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Ha ocHOBe TepMonapK, MeM6paHHHe h flpyme. HanpHMep, MoseT 

6HTB HCnOJlB30BdH MeM6paHHHH M&HO — BcLKyyMMSTp MEMBRANOVAC 

DM-12, BanycKaeMKH b nponaxy $hpmoh LEYBOLD INFICON Inc. 

BBi6op BenHHHHH naBneHH^i a30Ta b nonocTH 2 KBJineTCH 

KHIOHeBKM RJI5I flOCTHXeHH^ BBICOKOH CKOpOCTH pOCTa MOHOKpH- 

CTanna HHTpHpa ajiK>MHHHH npn yMepeHHbix 3Ha^eHHHx pa6oneH 
TeMnepaTypw HCTOHHHKa 5 h pa3HOCTH TeMnepaTyp HCTOHHHKa 5 
h nonjioxKH 4. flji* nonyneHHK MaKCHManBHOH ckopocth pocTa 
naBJieHHe a30Ta b nonocTH 2 b ycTaHOBHBmeMCH pa6o*ieM tbm— 
nepaTypHOM pexHMe hojixho 6htb paBHO naBneHHio, co3flaBaeMO- 
My napaMH HHTpnfla aniOMHHHH b 3aMKHyroM osteite, HanpHMep, 
repMeTH3HpoBaHHoii poctoboh KaMepe 3, hmbioq^hmh CTexnoMGT- 
pHnecKoe cooTHomeHne KOHqeHTpaijHH stomob a30Ta h anioMH- 

HHH. 

flaBJieHHe b nonocTH 2 , cooTBeTCTByiomee MaKCHManBHOH 
ckopocth pocTa MOHOKpHCTanna npn 3anaHHOH pa6oneH TeMne- 
paType HCTOHHHKa 5, MoxeT 6htb onpeneneHo no H3o6paxeHHOH 
Ha to. 2 kphboh A 3aBHCHMOCTH aaBneHH* b MHnnn6apax ot 
TeMnepaTypK b rpaaycax qenBCHH. KpHBa* A noKa3HBaeT pac- 
neTHyio BejiHHHHy flaBJieHH^, co3jqaBaeMoro b 3 aMKHy tom o6i>eMe 

CTeXHOMeTpHHeCKOH CMeCBK) napOB aJIIOMHHHH f 06pa30BaHHHX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta, nnx cjiyna*, ko- 

Tfla MaTepHanOM HCTOHHHKa 5 5IBJIHeTCH HHTpHjq aJIDMHHHH. 

flo Hanana HarpeBa ycTaHaBJiHBaiOT MHHHManBHoe , HanpH- 
Mep, HecKonBKo MHJiJiH6ap , Ha^anbHoe flaBJieHHe a30Ta b no- 
jiocth 2 h, cooTBeTCTBeHHO, b coo6maK)iqeHCH c Hen poctoboh 
KaMepe 3. B npoqecce HarpeBa HCTOHHHKa 5 naBneHHe a30Ta b 
nonocTH 2 noBBiraaiOT cooTBeTCTBeHHO pacneTHOMy pocTy flaBjie- 
hhh napoB HCTOHHHKa 5, onpenenKH TeKymee npnpameHne ;qaB- 
neHH* no kphboh A, 3>nr.2. TaKHM o6pa30M, b KaxflBiH MOMeHT 
b npoqecce HarpeBa, flaBneHne b nonocTH 2 npeBBimaeT pac- 
neTHoe qaBJieHHe napoB HHTpnna ajiBMHHHH b poctoboh KaMepe 
3 Ha BeiiHHHHy HanaoiBHoro flasneHH*, ycTaHaBjiHBaeMoro b no- 
jiocth 2. OnncaHHa* npoqenypa BHXOfla Ha pa6oHHH pexHM bh- 
pamnBaHHH HBJineTCH HaHJiynmeH b tom CMiacjie, hto no3BOJi5ieT 
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H36exaTB Ha stom 3Tane noTepb napoB aniOMHHHH h npeaoTBpa- 

THTb HX B03MOXHHH KOHTdKT C He3aiI|HIHeHHHMH SneMeHTSMH KOH- 

CTpyKtiHH ycTpoiiCTBa npn Biaxone napoB aniOMHHHH 3a npenenw 
BHyrpsHHGH nonocTH poctoboh KaMepw 3. nocnejjHee HMeno 6h 
5 MecTO b cnynae, ecnn cooTBeTCTByiomee pa6oneMy pexHMy naB- 
neHHe a30Ta co3flaBanocb b nonocTH 2 no Havana HarpeBa. B 
3TOM cnynae flo Havana HarpeBa a30T nocTynaeT b pocTOByio 
KaMepy 3 H3 iiojiocth 2, a b npoqecce HarpeBa, BcnencTBHe 
o6pa30BaHH^ napoB HHTpnaa a hiomhhhh , flaBneHHe b poctoboh 
10 KaMepe 3 CTaHOBHTCH BHme BHemHero h nacTb cmgch a30Ta h 
napoB anioMHHHH BHTecHiieTCH H3 Hee b nojiocTb 2 , npH stom 

BHyTpH pOCTOBOH KaMepbl 3 6y^eT COXpaHHTBCH H36bITOHHOe co- 

HepxaHHe a30Ta, TopM03Hmee pocT MOHOKpHCTanna . 

Ha <J>nr. 3 H3o6paxeHO ceMencTBo kphbhx, cooTBeTCTByio- 

15 DJHX TpeM pa3JIHHHHM TeMIiepaTypaM , 3aBHCHMOCTH CKOpOCTH 

pocTa MOHOKpHCTanna HHTpnaa anroMHHH* (b MHJiJiHMeTpax b 
nac) ot BeJiHHHHH flaBneHHK a30Ta (b MHnnn6apax) b nonocTH 
2 , paBHoro noJiHOMy naBJieHHio cmgch a30Ta h napoB anioMHHHH 

B pOCTOBOH KaMepe 3. Tpa$HKH COOTBeTCTByiOT pa3HOCTH TeM- 

20 nepaTyp Mexay hctohhhkom 5, MaTepnanoM KOToporo cnyxHT 

HHTpHfl aniOMHHHH, H nOflnOXKOH 4 paBHOH 70° C, H paCCTOHHHK) 

Mexny HCTOHHHKOM 5 H nonnoxKOH 4 paBHKM 4 mm. 3th rpa$HKH 
no3Bon5iroT onpenejiHTB flnana30H oTKnoHeHHH ot CTexnoMeTpH- 

HeCKOrO COOTHOmeHHH KOHqeHTpaiJHH aTOMOB a30Ta H aniOMHHHH 
25 B CMeCH, He npHBOn^mHX K CymeCTBeHHOMy CHHXeHHK) CKOpOCTH 

pocTa MOHOKpHCTanna f b nacTHocTH f BH6paTB BenHHHHy Ha- 
nanBHoro fldBneHHH a30Ta b nonocTH 2 . 

IIpH nepBOM BHpamHBaHHH B KOHKpeTHOM 3K3eMnnHpe pocto- 
boh KaMepH 3 ckopoctb nonteMa naBneHHH a30Ta b nonocTH 2 
30 npn HarpeBe HCTOHHHKa 5 MoxeT 6htb yBennneHa no OTHomeHHio 
k onpejqeji^eMOH no kphboh A, to. 2, hto npHBeaeT k Bbixony 
Ha pexHM BbipamHBaHH5i npH 6onBineM H36biTKe a30Ta b cocTaBe 

CMGCH B pOCTOBOH KaMepe H COOTBeTCTByjQUjeMy CHHXeHHK) CKO- 
pOCTH pocTa. Ckopoctb yBenHHeHHH naBneHHH h, cooTBeTCT- 
35 BeHHO f KOHQHuasi BeiiHHHHa flaBJieHHK a30Ta b nonocTH 2 b co- 



WO 01/11116 PCT/RUOO/00331 

OTBeTCTBHH c pe3ynBTaTaMH npo6Htix BBipaiqHBaHHH MOXeT 6BITB 
b flajiBHenmeM noaBeprHyTa KoppeKTHpoBKe , HcnpaBnniomeH no- 
rpemHOCTH pac^ieTOB h H3MepeHHH TeMnepaTyp. 

B cnynae HcnonB30BaHH* MeTajuiH^ecKoro aniOMHHHJi b Ka- 
necTBe MaTepnana HCTOHHHKa 5 anioMHHHH BBipamHBaHHe moho- 
KpncTajina HHTpnna anioMHHHH ocymecTBnjooT b poctoboh KaMepe 
3, coo6maiomeHCH c nonocTBio 2, aHarrorHHHO npeHHflyqeMy Ba- 
pnaHTy • Oco6eHHOCTBio naHHoro BapHaHTa 5iBJiHeTc* OTcyTCTBHe 
a30Ta b MaTepnane HCTOHHHKa • 06pa3OBaHHe CMeca a30Ta h 
napoB ajiiOMHHH^ b poctoboh KaMepe 3 nponcxoflHT 6naroHap* 
nocTynneHHio b Hee a30Ta H3 nonocTH 2. 

H3MeHeHHe naBneHH* a30Ta b nonocTH 2 b npoqecce H a- 

rpeBa HCTO^HHKa 5 npOH3BOflHT B COOTBeTCTBHH c rpa^HKOM, 

H3o6paxaeMNM kphboh B f <E>nr. 2. KpHBa* B noKa3HBaeT pac- 
HeTHyio BenHHHHy flaBneHHH, co3«aBaeMoro b 3aMKHyTOM o6i>eMe 

CTGXHOMGTpH^eCKOH CMGCBK) napOB a JTiOMHHHH , o6pa3 OBaHHBIX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta cnynan, Kor^a 

MaTepnanoM HCTo^HHxa 5 KBnneTCH MeTannHnecKHH anioMHHHH « 

KpHBan B, cooTBeTCTByrcmaji MeTaniiH^ecKOMy anwMHHHK) , 
npn yivtepeHHHx TeMnepaTypax HCTOHHHKa 5 AeMOHCTpnpyeT 6o- 
nee BKCOKoe nojraoe jqaBneHHe CTexHOMeTpHnecKOH cMecu a30Ta 
h napoB anioMHHHH b poctoboh KaMepe 3, HeM KpHBaH A, COOT- 
BeTCTByroman HHTpnny anioMHHHH « nocKon&Ky ckopoctb pocTa 
MOHOKpHCTanjia HHTpHfla anioMHHHH npn yBenHHeHHH jqaBneHHH 
cTexaoMeTpHHecKOH cMecH a30Ta h napoB anioMHHHH B03pacTa- 
eT, HcnonB30BaHHe MeTannH^ecKoro anioMHHH.$i b KanecTBe Ma- 
Tepaana HCTOHHHKa 5 anioMHHHH o6ecnenHBaeT 6onee BHcoKyio 
ckopoctb pocTa b npe;qnoHTHTenBHOH una npaKTHnecKoro npn- 
MGHeHH5i HHXHeH HacTH flHana30Ha pa6oHHx TeMnepaTyp hctoh- 
HHKa 5, HHxe 2 400° C. HcnonB30BaHne MeTanjinnecKoro aniOMH- 
hh* b KanecTBe MaTepnana HCTOHHHKa 5, no3Bon*eT H3MepnTB 
ckopoctb pocTa MOHOKpHCTanjia b npoqecce Bbipan^HBaHHa no 
BenHHHHe pacxo^a a30Ta, Heo6xoflHMoro nnn nonaepxanHH no- 
CTO^HHoro flaBjieHHH b nonocTH 2. 3to npenocTaBji^eT bo3mox- 
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HocTb non6opa onTHManBHBix 3HaneHHH napaMeTpoB npoijecca 
HenocpeflCTBeHHO b npoqecce BBipamHBaHHH. 

npennoxeHHoe H3o6peTeHHe He orpaHHHHBaeTCH paMKaMH 
onucaHHBix npHMepoB peanH3aqHH h nonycKaeT oHeBHflHHe cne- 
UHanHCTy b paHHOH o6nacTH tgxhhkh MOflH$)HKaqHH cnocoSa, He 
BBixon^mHe 3a npenenu o6«BeMa H3o6peTeHH* , onpenenaeMoro 
ero <|>opMyjioH. 
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fcOPMYJlA H30BPETEHHH 
Cnoco6 snHTaKcnanBHoro B&ipaqHBaHHH MOHOKpncTannHHe- 
cKoro HHTpnjqa aniOMHHHH H3 cMecH a30Ta h napon aniOMHHHH, 
BKnK)HaiomHH pa3MeqeHHe b poctoboh KaMepe ( 3 ) npyr HanpOTHB 
5 flpyra noflJioxKH (4) h HCTOHHHKa (5) a jiiomhhhh , HarpeB h 
nonoepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h noflnosKH 
( 4 ) , obecne^HBajomnx , cooTBeTCTBeHHO , o6pa30BaHHe napoB 

aniOMHHHH B COCTaBe CMeCH H pOCT MOHOKpHCTanna HHTpHAa 

aniOMHHHH Ha nonnoxKe (4), OTnHHaromHHCH TeM, hto naBneHHe 

10 CMecH a30Ta h napoB ajiDMHHHH b poctoboh KaMepe ( 3 ) noH- 
^epxHBaiOT b HHTepBane 400 MHnnn6ap ot HHXHero 3HaneHHH, 
paBHoro RaBJieHHio , KOTopoe co3flaBana 6h b 3aMKHy<roM o6-BeMe 
CMecB o6pa3yiomHxcH napoB aniOMHHHH c a30TOM, HMeioman ohh- 
HaKOBHe KOHqeHTpaqHH aTOMOB a30Ta h aniOMHHHH. 

15 Cnoco6 snHTaKcaanLHoro BHpamHBaHHH MOHOKpncTannHHe— 

CKoro HHTpHfla aniOMHHHH H3 CMecH a30Ta h napoB aniOMHHHH, 
BKnionaiomHH pa3MemeHHe b poctoboh KaMepe ( 3 ) jjpyr HanpoTHB 
Apyra nojjnoxKH (4) h HCTOHHHKa. (5) aniOMHHHH, HarpeB h 
nonnepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h noflnoxKH 

20 (4), o6ecneHHBaK>mHx, cooTBeTCTBeHHO, o6pa30BaHne napoB 
aniOMHHHH b cocTaBe CMecn h pocT MOHOKpHCTanna HHTpnna 
aniOMHHHH Ha nonnoxKe (4), OTnHHaiomHHCH TeM, hto naBneHHe 
CMecn a30Ta h napoB aniOMHHHH b poctoboh KaMepe ( 3 ) nojj- 
nepxHBa»T b HHTepBane 400 MHnnn6ap ot HHXHero 3HaneHHH , 

25 paBHoro naBneHHK), co3naBaeMOMy b 3aMKHyTOM o6i»eMe CMecsio 
o6pa3yioii^HXCH npn TeMnepaType HCTOHHHKa (5) napoB aniOMHHHH 
c a30TOM, HMeBomeii onHHaKOBtie KQHqeHTpaqHH aTOMOB a30Ta h 

aniOMHHHH • 

2. Cnoco6 no n. 1 oTnHHaiomHHCH TeM, mto jjaBneHHe cMe- 
30 ch a30Ta h napoB aniOMHHHH b poctoboh KaMepe ( 3 ) noflnepxH- 

BdKT 6jih3khm k HHXH6My 3HaneHHfo 3anaHHoro HHTepBana. 

3. Cnoco6 no n. 1, OTnHnaiomHHCH TeM, hto b KanecTBe 
MaTepnana HCTOHHHKa (5) an»MHHHH HcnonB3yi0T hhtpha anioMH— 
hhh, pocTOBy© KaMepy (3) jxo Hanana HarpeBa BaKyyMHpym? h 

35 repMeTH3Hpy©T , h npoBozjHT BbipanjHBaHHe MOHOKpHCTanna hht- 
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pnfla aniOMHHHH npn hhxhbm 3HaneHHH 3apaHHoro HHTepBajia 
naBneHHH cMecH a30Ta h napoB anK)MHHH5i, co3AaBaeMOH b poc- 
toboh KaMepe ( 5 ) HcnapeHHeM MaTepaana HCTOHHHKa . 

4. Cnoco6 no n. 1, OTJiHHaiomHHCH TeM, hto b KanecTBe 
5 MaTepnana HCTOHHHKa (5) aniOMHHHH HcnojiB3yiOT hhtphr aniOMH- 

HHii f pocTOByio KaMepy (3), coo6maiomyioc* c bhgidhhm npo- 
cTpaHCTBOM , noMeqaKT b aTMOC$epy a30Ta, aaBneHHe KOToporo 
nonnepxHBaioT b npenenax 3ajqaHHoro HHTepBana naBneHHH. 

5. Cnoco6 no n. 1, OTJiHHaiomHHCH TeM, hto b KanecTBe 
10 MaTepnana HCTOHHHKa (5) anioMHHHH HcnonB3yK)T MeTa njiHHe ckhh 

aiiioMHHHH , pocTOByio KaMepy ( 3 ) , coo6maiomyK)C5i c BHeniHHM 
npocTpaHCTBOM / noMemaiOT b aTMoc^epy a30Ta, naBJieHHe koto- 
poro nonnepxHBaKT b npe^enax 3aflaHHoro HHTepBajia naBJie- 
hhh . 

15 6. PocTOBa* KaMepa (3) nnn snHTaKCHanbHoro BHpamHBan- 

HHH MOHOKpHCTannHHeCKOrO HHTpHfla aniOMHHHH H3 CMeCH a30Ta 

h napoB anK>MHHH5i / BBinojiHeHHan c bo3moxhoctbio pa3MemeHHK 
BHyTpH Hee HCTOHHHKa ( 5 ) anKJMHHHii h nonnoxKH ( 4 ) , HarpeBa 
h noflflepxaHHH TeMnepaTyp HCTOHHHKa ( 5 ) h nofljioxKH ( 4 ) , 
20 o6ecneHHBaiomHX pocT MOHOKpncTanna HHTpnjja anioMHHHH Ha 
nonnoxKe (4), oTiranaiomaHCH TeM, hto MaTepnan KOHTaKTHpyio— 
men c hctohhhkom h napaMH a JIIOMHHHH nOBepXHOCTH pOCTOBOH 
KaMepw npencTaBH5ieT co6oh TBepflHH pacTBop Kap6nna TaHTana 
b TaHTane. 
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Joc/iejyiouiHe jioicyMCHTbi VKaiaHbi b npo;iojDKeHHH rpafrbi C. Q jaHHbic o naTCHTax-aHajiorax yicasaHbi b npHJioaceHHH 



* Oco6ue KareropKH ccbuiOHHbix Kyxc htob r 
A flOicyxeKT, onpcaeJuiioutHf! ooiuhh ypoKtfb tcxhhkh 
E 6anee pammK aokymcht, ho ony&iHKOBaHHuft Ha aary 
Mex/iyHapoAHOH noaami huh nocnc hcc 

O JWKykieifT, OTHOCflUlH Ret K yCTHOMy paCKpUTWO, 3KCIIOHH- 
HT.il. 

P AOk-yMCHT. onyojiHKOBaHNufi no nsm McxayHapoflHofi no- 
aaHH, ho nocnc ami ucnpaiiiHBacMoro npnopHTcra 

HT.fl. 

V flOKyueHT, ony6/iHicoBaHKLiH no nani Me*uiyHapOAHOH noaaiH, 
ho nocnc jaTbi HcnpauimsacMoro npHopHTcra 



T ooiiec noaxiHHH aoKyMemr, onyfijiHKOBaHHUH nocnc oatu 
rrpHopHTcra h npHBejiCHHuft an* noHHMaHHJi H33o6percHH* 
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IPC 7 English version 




B01F-B01F01756 



SECTION B - PERFORMING OPERATIONS; TRANSPORTING 



HQ 



B 01 PHYSICAL OR CHEMICAL PROCESSES OR APPARATUS IN GENERAL (furnaces, kilns, ovens, 02 
retorts, in general F27 ) 



B 01 F MIXING, e.g. DISSOLVING, EMULSIFYING, DISPERSING (mixing paints B44D 3/06) 02 



Note KB 

In this subclass, the following term or expression is used with the meaning indicated: KB 

"mixing" covers stirring of a single material. [2] KB 

Subclass Index KB 

DISSOLVING B01F1/00 KB 

MIXING, DISPERSING, EMULSIFYING KB 

Processes B01F 3/00 KB 

Apparatus KB 

flow mixers B01F5/00 KB 

with rotary action B01 F 7/00, B01 F 9/00 HH 

other mixers B01F 1 1 /00 , KB 

B01 F 13/00 

accessories BQ1F 1 5/00 KB 

EMULSIFYING OR DISPERSING AGENTS B01 F 1 7/00 KB 



1 /00 Dissolving (separating by dissolving B0 I D; dissolving to effect cooling F25D 5/00) [2] KB 



3/00 Mixing, e.g. dispersing, emulsifying, according to the phases to be mixed KB 

3/02 . gases with gases or vapours 1 KB 

3/04 . gases or vapours with liquids (mixing non-alcoholic beverages with gases A23L 2/54) KB 

3/06 . gases or vapours with solids KB 

3/08 . liquids with liquids; Emulsifying KB 

3/10 . . Mixing very viscous liquids KB 

3/12 . liquids with solids (displacing one liquid by another in dispersions of solids in liquids B01 D 1 2/0 0) KB 

3/14 . . Mixing very viscous liquids with solids KB 

3/18 . solid with solids KB 

3/20 . Pretreatment of the materials to be mixed KB 

3/22 . Aftertreatment of the mixture KB 
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Mixers ^ U 

5/00 Flow mixers (sprayers, atomisers B05 B ); Mixers for falling materials, e.g. solid particles (B01 F 1 3/04 takes 13 

precedence; centrifugal mixers B04 ) 

5/02 . Jet mixers M i 

5/04 . Injector mixers M l 

5/06 . Mixers in which the components are pressed together through slits, orifices, or screens (turbo-mixers 11 

B01 F 5 /16; colloid-mills B02C; mixing valves FJ 6K 11 1/00) 

5/08 . . Homogenising or emulsifying nozzles Ml 

5/10 . Circulation mixers O 

5/12 . Pump mixers U 

5/14 . . of the gear type O 

5/16 . . Turbo-mixers U 

5/18 . Spray-mixers Uj 

5/20 . . with nozzles M I 

5/22 . . with rotary discs Ml 

5/24 . Falling particle mixers with repeated action Oj 

5/26 . Falling particle mixers with moving means, e.g. stirrers for increasing the mixing O 

7/00 Mixers with rotary stirring devices in fixed receptacles; Kneaders (B01 F 1 3/04 takes precedence) LI 

7/02 . with stirrers rotating about a horizontal or inclined axis U 

7/04 . . with paddles or arms MB 

7/06 . . with propellers MB 

7/08 . . with helices WM 

7/10 . . with rotary discs Q 

7/12 . . with cylinders Ml 

7/14 . . with stirrers having planetary motion O 

7/16 . with stirrers rotating about a vertical axis 0 

7/18 . . with paddles or arms M'l 

7/20 . . . with fixed axis M i 

7/22 . . with propellers Uj 

7/24 . . with helices M i 

7/26 . . with rotary discs O 

7/28 . . with cylinders O 

7/30 . . with stirrers having planetary motion Ml 

7/32 . . with openwork frames or cages O 

9/00 Mixers with rotating receptacles (B01 F 1 3/ 04 takes precedence) 12 

9/02 . rotating about a horizontal or inclined axis, e.g. drum mixers O 

9/04 . . without bars U 

9/06 . . with fixed bars |j 

9/08 . . with rotating stirring devices Uj 

9/10 . rotating about a vertical axis U 

9/12 . . with paddles or arms U 

9/14 . . with propellers U 

LI 
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9/16 . . with helices 

9/18 . , with rotary discs 13 

9/20 . . with cylinders O 

9/22 . with stirrers having planetary motion O 

1 1 /00 Mixers with shaking, oscillating, or vibrating mechanisms (B01 F 1 3/04 takes precedence) 13 

1 1 /02 . Mixing by means of ultrasonic vibrations O 

1 1 /04 . with pendulum stirrers O 

1 3/00 Other mixers; Mixing plant, including combinations of dissimilar mixers O 

1 3/02 . Mixers with gas agitation, e.g. with air supply tubes 13 

1 3/04 . Mixers combined with safety devices El 

1 3/06 . Mixers adapted for working at sub- or super-atmospheric pressure O 

13/08 . Magnetic mixers O 

13/10 . Mixing plant, including combinations of dissimilar mixers O 

1 5/00 Accessories for mixers O 

1 5/02 . Feed or discharge mechanisms O 

1 5/04 . Forming a predetermined ratio of the substances to be mixed (controlling ratio of two or more flows of 13 

fluid or fluent material C05D 1 1 (02) 

1 5/06 . Heating or cooling systems 13 



1 7/00 Use of substances as emulsifying, wetting, dispersing, or foam-producing agents (flotation agents 13 
B03D 1 /001 ; used for particular applications, see the relevant classes, e.g. use of substances as detergents 
CI ID) [3,5] 

1 7/02 . Alkyl sulfonates or sulfuric acid ester salts derived from monohydric alcohols 13 
1 7/04 . Sulfonates or sulfuric acid ester salts derived from polyhydric alcohols or amino alcohols or derivatives 13 

thereof (sulfated or sulfonated fatty oils B01F 17/08 ) 

1 7/06 . Esters of higher fatty acids with hydroxyalkylated sulfonic acids or salts thereof 13 

1 7/08 . Sulfation or sulfonation products of fats, oils, waxes, or higher fatty acids or esters thereof with 13 

monovalent alcohols 

17/10 . Derivatives of low-molecular-weight sulfocarboxylic acids or sulfopolycarboxylic acids 13 

17/12 . Sulfonates of aromatic or alkylated aromatic compounds 13 

17/14 . Derivatives of phosphoric acid 13 

17/16 . Amines or polyamines 13 

17/18 . Quaternary ammonium compounds 13 

17/20 . Phosphonium and sulfonium compounds 13 

17/22 . Amides or hydrazides 13 

17/24 . . Amides of higher fatty acids with aminoalkylated sulfonic acids 13 

17/26 . Sulfonamides 13 

1 7/28 . Aminocarboxylic acids (protein hydrolysates BO] F 1 7/30) 13 

17/30 . Proteins; Protein hydrolysates 13 

17/32 . Heterocyclic compounds 13 

1 7/34 . Higher-molecular-weight carboxylic acid esters (B01F 1 7/0 6 takes precedence) 13 

17/36 . . Esters of polycarboxylic acids 13 



http://www.wipo.int/classifications/fulltextynew_ipc/ipc7/eb01f.htm 



7/28/2003 



IPC 7 English version B01F IA-B01F 17/56 



1 7/38 . Alcohols, e.g. oxidation^foducts of paraffins 

17/40 . Phenols 

1 7/42 . Ethers, e.g. polyglycol ethers of alcohols or phenols 

1 7/44 . . Ether carboxylic acids 

1 7/46 . . Ethers of aminoalcohols 

17/48 . . Cellulose ethers 

1 7/50 . Derivatives of lignin 

1 7/52 . Natural or synthetic resins or their salts 

17/54 . Silicon compounds 

1 7/56 . Clucosides; Mucilage; Saponines 
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